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Summary
Background:  Acute  aortic  dissection  (AAD)  is  often  missed  on  initial  assessment.
Purpose: The  aim  of  our  study  was  to  identify  features  associated  with  misdiagnosis  of  AAD.
Methods  and  results:  We  examined  a  total  of  109  emergency  room  (ER)  patients  who  were
ultimately  diagnosed  with  AAD.  Misdiagnosis  of  AAD  was  deﬁned  as  failure  to  diagnose  AAD  at
the end  of  the  initial  assessment  in  the  ER,  and  occurred  in  17  patients  (16%).  The  alternate
diagnosis consisted  of  acute  coronary  syndrome  (n  =  10),  other  cardiovascular  disease  (n  =  3),
abdominal  disease  (n  =  3),  and  cerebral  infarction  (n  =  1).  In  the  misdiagnosed  patients,  walk-in
mode of  admission  to  the  ER  (29%  vs.  10%,  p  =  0.042)  and  anterior  chest  pain  (71%  vs.  41%,
p =  0.025)  were  more  frequent,  and  widened  mediastinum  (25%  vs.  55%,  p  =  0.023)  was  less
frequent than  in  diagnosed  patients.  The  number  of  imaging  studies  performed  per  patient  was
also fewer  in  misdiagnosed  patients  than  in  diagnosed  patients  (0.82  ±  0.81  vs.  1.53  ±  0.52,
p <  0.001).  However,  there  was  no  signiﬁcant  difference  in  in-hospital  mortality  (18%  vs.  15%,
p =  0.520).  Multivariate  analysis  showed  that  the  strongest  predictor  of  misdiagnosis  was  walk-in
mode of  admission  (odds  ratio  4.777;  95%  conﬁdence  interval  1.267—18.007;  p  =  0.021).
Conclusions:  Both  diversity  of  symptoms  and  variability  of  the  severity  of  symptoms,  especially
walk-in mode  of  admission  lead  ER  physicians  to  miss  AAD  in  about  1  in  6  cases  of  AAD.  It  is
therefore  important  to  keep  AAD  as  a  differential  diagnosis  in  mind,  even  when  patients  present
with mild  enough  symptoms  that  allow  them  to  walk  into  the  ER.
© 2011  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
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ntroduction
cute  aortic  dissection  (AAD)  is  a  critical  disease  state
equiring  immediate  diagnosis  and  optimal  treatment.  For
xample,  the  mortality  rate  of  AAD  is  reported  to  rise  by
%  per  hour  during  the  ﬁrst  48  h  after  onset  of  symptoms  if
eft  untreated  [1].  However,  not  all  patients  present  with
he  acute  onset  of  severe  chest  or  back  pain  that  is  typi-
al  of  AAD.  Instead,  some  patients  present  with  neurologic
eﬁcits,  dyspnea,  or  other  symptoms  [1—5]. The  severity  of
AD  at  initial  presentation  varies  from  mild,  such  as  ‘‘walk-
n  patients’’  to  cardiopulmonary  arrest.  The  wide  range
f  manifestations  of  AAD  sometimes  makes  diagnosis  difﬁ-
ult  [6].  A  previous  study  performed  almost  two  decades
go  showed  that  38%  of  patients  with  aortic  dissection  had
een  misdiagnosed  on  initial  evaluation,  and  that  a  further
8%  of  patients  had  not  been  diagnosed  until  postmortem
xamination  [3].  More  recent  imaging  modalities  includ-
ng  helical  computed  tomography  (CT),  transesophageal
chocardiography  (TEE),  and  magnetic  resonance  imaging
MRI)  are  reported  to  diagnose  AAD  with  high  accuracy
7],  but  cases  of  AAD  being  mistaken  for  other  diseases
uch  as  acute  coronary  syndrome  (ACS)  are  still  far  from
are  [8,9]. The  speciﬁc  aim  of  our  study  was  to  evaluate
he  clinical  features  and  predictors  of  AAD  misdiagnosis  in
he  emergency  room  (ER)  of  a  tertiary  medical  center  in
apan.
ethods
tudy  population
rom  April  2005  to  March  2010,  124  patients  suffering  from
AD  visited  the  outpatient  clinic  for  emergency  patients
ER)  of  the  Yokohama  City  Minato  Red  Cross  Hospital.
iagnosis  of  AAD  was  conﬁrmed  by  imaging.  Acute  aor-
ic  dissection  was  deﬁned  as  aortic  dissection  occurring
14  days  after  symptom  onset  [3].  We  excluded  patients
ho  were  transferred  to  our  hospital  after  a  diagnosis
f  AAD  at  other  hospitals  (n  =  13),  and  those  whose  aor-
ic  dissection  was  due  to  trauma  (n  =  2).  The  remaining
09  patients  with  AAD  were  enrolled  in  this  study.  Clas-
iﬁcation  of  AAD  was  based  on  the  Stanford  classiﬁcation
10],  according  to  which  42  patients  (39%)  had  type  A
nd  67  patients  (61%)  had  type  B  AAD.  With  respect  to
he  status  of  the  false  lumen  [11], 32  patients  (29%)  had
atent  type,  23  patients  (21%)  had  partial  thrombosis  type,
nd  54  patients  (50%)  had  complete  thrombosis  type  false
umen.  Medical  records  were  retrospectively  reviewed  to
ollect  patient  data  including  clinical  characteristics,  results
f  diagnostic  tests,  and  in-hospital  management  and  out-
ome.
atient  clinical  characteristics
he  clinical  characteristics  of  patients  reviewed  included
ge,  sex,  initial  vital  signs,  presenting  symptoms,  pre-
ious  medical  history,  admission  route  (ambulance  or
alk-in),  Stanford  classiﬁcation  of  AAD,  the  type  of
alse  lumen,  and  involvement  of  aortic  aneurysm.  We
eviewed  systolic  blood  pressure  and  heart  rate  on  admis-
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ion,  differential  blood  pressure  (more  than  20  mm  Hg
ifference  between  arms)  or  pulse  deﬁcit,  neurologi-
al  symptoms,  and  location  and  quality  of  pain.  We
hecked  for  medical  history  of  hypertension  (systolic
lood  pressure  ≥140  mm  Hg  and/or  diastolic  blood  pres-
ure  ≥90  mm  Hg,  or  taking  of  antihypertensive  drugs),
yslipidemia  (low-density  lipoprotein  cholesterol  level
140  mg/dl,  triglyceride  level  ≥150  mg/dl  and/or  high-
ensity  lipoprotein  cholesterol  level  <40  mg/dl,  or  taking
f  lipid-lowering  drugs),  diabetes  mellitus  (fasting  glucose
evel  ≥126  mg/dl,  or  taking  of  antidiabetic  drugs),  coro-
ary  artery  disease,  smoking  status,  and  prior  cardiovascular
urgery.
nitial  assessment  in  the  ER
uring  the  initial  assessment  in  the  ER,  attending  physicians
ook  a  medical  history  and  performed  a  physical  exam-
nation,  blood  test,  electrocardiogram  (ECG),  and  chest
adiography.  Blood  tests  included  white  blood  cell  (WBC)
ount,  C-reactive  protein  (CRP)  level,  creatine  kinase  (CK)
evel  including  MB  subset  (CK-MB)  levels,  and  D-dimer  levels.
f  the  ER  physicians  decided  that  a  patient  needed  fur-
her  work-up  after  seeing  the  results  of  medical  interview,
hysical  examination,  blood  test,  ECG,  and  chest  radiog-
aphy,  they  were  able  to  add  (CT)  (16-row  multi  detector
T:  Aquillion  16,  Toshiba  Medical  Systems,  Otowara,  Japan),
ransthoracic  or  transesophageal  echocardiography  (Aplio
SA-700A,  Toshiba  Medical  Systems),  aortography,  and  MRI
Gyroscan  Intera  Achieva  1.5  T  Pulsar,  Philips  Medical  Sys-
ems,  Eindhoven,  the  Netherlands)  at  the  initial  assessment
n  the  ER.
nalysis  of  the  diagnostic  tests  at  the  initial
ssessment  in  the  ER
or  the  purposes  of  this  study,  each  ﬁnding  of  chest
adiography  and  ECG  was  re-assessed  by  two  indepen-
ent  boarded-certiﬁed  cardiologists,  who  know  neither
he  patients’  clinical  course  nor  the  assessment  by  the
R  attending  physicians.  In  the  current  analysis,  we
ecorded  whether  chest  radiography  ﬁndings  included  a
idened  mediastinum,  abnormal  aortic  contour,  calciﬁ-
ation  of  the  thoracic  aorta,  and  pleural  effusion.  For
CG  ﬁndings,  we  deﬁned  ST  elevation  as  elevation  of
T  segment  ≥0.1  mV,  ST  depression  as  depression  of  ST
egment  ≥0.1  mV,  T  wave  abnormality  as  inverted  or  ﬂat-
ened  T  wave,  and  left  ventricular  hypertrophy  as  RV5
r  RV6  ≥2.5  mV  or  the  sum  of  RV5  or  RV6  plus  SV1  or
V2  ≥3.5  mV.  We  reviewed  the  type  and  the  number  per
atient  of  imaging  studies  performed  at  initial  assess-
ent.
eﬁnition  and  analysis  of  misdiagnosis  of  AAD
e  deﬁned  misdiagnosis  of  AAD  as  failure  to  diagnose  AAD
t  the  end  of  the  initial  assessment  in  the  ER.  We  compared
linical  features  and  in-hospital  outcome  between  the  mis-
iagnosed  and  diagnosed  patients,  and  sought  predictors  of
he  misdiagnosis  of  AAD.  This  study  was  approved  by  the
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institutional  review  board  of  the  Yokohama  City  Minato  Red
Cross  Hospital.
Statistical analysis
Quantitative  variables  are  presented  as  mean  ±  standard
deviation  and  categorical  variables  as  percentages.  Continu-
ous  variables  were  compared  using  Student’s  t-test  when  the
variables  showed  normal  distribution,  or  the  Mann—Whitney
U  test  when  they  did  not.  Categorical  data  were  com-
pared  using  Fisher’s  exact  tests.  Multivariate  regression
analysis  was  performed  to  determine  independent  predic-
tors  of  misdiagnosis  of  AAD.  The  likelihood  ratio  test  was
used,  and  we  included  predictors  with  a  p-value  <0.10  on
univariate  logistic  regression  analysis  when  conducting  mul-
tivariate  logistic  regression  analysis.  A  p-value  <0.05  was
considered  statistically  signiﬁcant.  All  data  analyses  were
carried  out  using  SPSS  version  18.0  (SPSS,  Inc.,  Chicago,  IL,
USA).
Results
Patient  clinical  characteristics
Ninety-two  patients  (84%)  were  correctly  diagnosed  with
AAD;  all  of  whom  were  diagnosed  by  contrast-enhanced  CT
on  initial  assessment.  Misdiagnosis  occurred  in  17  patients
(16%).  Baseline  clinical  characteristics,  ER  admission  route,
AAD  categorization,  presenting  pain  characteristics  of  the
correctly  (n  =  92)  and  incorrectly  (n  =  17)  diagnosed  patients
are  given  in  Table  1.  All  of  the  variables  studied  were  compa-
rable  between  the  two  groups,  with  the  exception  of  higher
proportions  of  walk-in  (29%  vs.  10%,  p  =  0.042)  and  anterior
chest  pain  (71%  vs.  41%,  p  =  0.025)  patients  being  observed
in  the  misdiagnosed  patient  group.
Diagnostic  test  ﬁndings
Blood  test,  chest  radiography,  and  ECG  results  are  pre-
sented  in  Table  2.  WBC  count,  CRP  level,  CK  level,  and
CK-MB  level  were  measured  in  all  patients,  and  D-dimer
level  in  90  patients  (83%).  Chest  radiography  was  performed
in  108  patients  (99%),  ECG  in  105  patients  (96%).  All  blood
test,  chest  radiography,  and  ECG  parameters  studied  were
comparable  between  the  two  groups,  with  the  single  excep-
tion  of  a  widened  mediastinum  which  was  observed  less
frequently  in  the  misdiagnosed  patient  group  than  in  the
diagnosed  patient  group  (25%  vs.  55%,  p  =  0.023).  In  this
study,  5  patients  had  coronary  artery  involvement,  which
was  conﬁrmed  by  surgical  ﬁndings.  Of  the  5  patients  with
coronary  artery  involvement,  4  patients  had  some  ST-T  seg-
ment  abnormalities  of  ECG.  Of  the  104  patients  without
coronary  artery  involvement,  100  patients  received  ECG,
and  47  patients  (47%)  had  some  ST-T  segment  abnormali-
ties.
Findings  of  the  imaging  studies  on  initial  assessment
are  presented  in  Table  3.  CT  of  the  thorax,  abdomen,
and  pelvis  was  performed  in  99  patients  (91%).  CT  was
less  frequently  performed  in  misdiagnosed  patients  than
in  diagnosed  patients  (41%  vs.  100%,  p  <  0.001).  In  partic-
T
A
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lar,  contrast-enhanced  CT  was  less  frequently  performed
n  misdiagnosed  patients  than  in  diagnosed  patients  (12%
s.  100%,  p  <  0.001).  There  was  no  signiﬁcant  difference
n  the  frequency  of  the  patients  receiving  echocardiogra-
hy  between  misdiagnosed  patients  and  diagnosed  patients
41%  vs.  52%,  p  =  0.405).  MRI  was  rarely  performed.  Aortog-
aphy  was  not  performed.  The  number  of  imaging  studies
er  patient  at  the  initial  assessment  was  fewer  in  misdiag-
osed  patients  than  in  diagnosed  patients  (0.82  ±  0.81  vs.
.53  ±  0.52,  p  <  0.001).
isdiagnosed  patients
he  breakdown  of  the  initial  diagnosis  of  the  17  patients
hose  AAD  was  missed  was  as  follows:  ACS  (n  =  10),
ther  cardiovascular  disease  (pericarditis,  n  =  2;  hyperten-
ive  emergency,  n  =  1),  abdominal  disease  (ureterolithiasis,
 =  2;  acute  gastritis,  n  =  1),  and  cerebral  infarction
n  =  1).
Diagnostic  triggers  of  the  17  misdiagnosed  patients  were
s  follows:  9  patients  were  diagnosed  as  AAD  incidentally
n  contrast-enhanced  CT  ﬁndings  ordered  for  other  dis-
ases.  Four  patients  were  diagnosed  on  contrast-enhanced
T  ordered  for  suspicion  of  AAD  after  other  diseases  were
uled  out.  Two  patients  were  diagnosed  on  echocardiog-
aphy  (n  =  1)  or  aortography  (n  =  1),  which  was  performed
uring  cardiac  catheterization,  because  they  showed  abnor-
ality  of  the  aortic  lumen.  Two  patients  were  initially
verlooked  and  ultimately  diagnosed  by  re-evaluation  of
ontrast-enhanced  CT  performed  at  the  initial  ER  assess-
ent.
Of  the  10  patients  misdiagnosed  with  ACS,  6  patients  had
ome  ST-T  segment  abnormalities,  1  patient  had  left  ventric-
lar  hypertrophy  without  ST-T  segment  abnormalities,  and  3
atients  had  no  abnormalities  of  ECG.  Four  patients  under-
ent  emergent  coronary  angiography  and  2  patients  had
oronary  artery  involvement.  Seven  patients  were  treated
ith  antithrombotic  agents.  One  patient  who  received  car-
iac  catheterization  and  antithrombotic  agents  died  after
mergent  surgery.
redictors  of  misdiagnosis
nivariate  and  multivariate  predictors  of  misdiagnosis  of
AD  are  presented  in  Table  4.  In  univariate  logistic  regression
nalysis,  walk-in  mode  of  admission,  severe  or  worst  ever
ain,  anterior  chest  pain,  and  widened  mediastinum  were
redictors  for  misdiagnosis  of  AAD  with  a  p-value  <  0.10.
n  multivariate  logistic  regression  analysis,  walk-in  mode
f  admission  was  the  strongest  predictor  of  misdiagno-
is  of  AAD  (odds  ratio  4.777;  95%  conﬁdence  interval
.267—18.007;  p  =  0.021).  Anterior  chest  pain  was  also  an
ndependent  predictor  (odds  ratio  3.465;  95%  conﬁdence
nterval  1.061—11.314;  p  =  0.040).
linical  course  and  in-hospital  outcomehirty-nine  patients  (36%)  underwent  urgent  operation  for
AD,  and  17  patients  (16%)  died  during  hospitalization.
lthough  misdiagnosed  patients  had  a  signiﬁcantly  longer
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Table  1  Characteristics  of  the  patients.
Misdiagnosis  group  (n  =  17)  Diagnosis  group  (n  =  92)  p-Value
Baseline  characteristics
Age  (years)  65.0  ±  14.7  68.1  ±  13.1  0.418
Male gender  (%)  13  (77%)  58  (63%)  0.217
Systolic BP  on  admission  (mm  Hg)  154  ±  37  174  ±  54  0.142
Heart rate  on  admission  (bpm)  69  ±  17  73  ±  18  0.461
History of  hypertension  (%) 9  (53%)  54  (59%)  0.427
Diabetes (%) 5  (29%) 16  (17%)  0.202
Current smoker  (%) 13  (76%) 50  (54%) 0.074
Dyslipidemia  (%) 4  (24%) 31  (34%) 0.301
Coronary artery  disease  (%) 2  (12%) 6  (7%) 0.446
Previous cardiovascular  surgery  (%)  0  (0%)  2  (2%)  0.711
Involvement  of  aortic  aneurysm  (%)  2  (12%)  29  (32%)  0.080
Admission route
Walk-in  (%)  5  (29%)  9  (10%)  0.042
Ambulance (%)  12  (71%)  83  (90%)
Type of  aortic  dissection
Stanford  type  A  (%)  8  (47%)  34  (37%)  0.300
Stanford type  B  (%)  9  (53%)  58  (63%)
Status of  the  false  lumen
Patent  (%)  6  (35%)  26  (28%)  0.375
Partial thrombosis  (%)  3  (18%)  20  (22%)  0.495
Complete thrombosis  (%)  8  (47%)  46  (50%)  0.517
Coronary involvement  (%) 2  (12%)  3  (3%)  0.172
Presenting symptoms
Pain 16  (94%)  81  (88%)  0.505
Abrupt onset  of  pain  (%)  12  (71%)  65  (71%)  0.601
Severe or  worst  ever  pain  (%) 8  (47%)  63  (68%)  0.079
Anterior chest  pain  (%) 12  (71%) 38  (41%)  0.025
Anterior chest  pain  without  back  pain  (%) 7  (41%) 19  (21%) 0.117
Back pain  (%) 9  (53%) 55  (60%)  0.403
Back pain  without  anterior  chest  pain  (%) 4  (24%) 36  (39%) 0.280
Anterior chest  pain  and  back  pain  (%) 5  (29%) 19  (21%) 0.524
Abdominal  pain  (%) 5  (29%) 18  (20%) 0.268
Other pain  (%) 1  (6%) 6  (7%) 0.701
Migratory  pain  (%)  4  (24%)  16  (17%)  0.380
Impaired consciousness  (%)  2  (12%)  10  (11%)  0.593
Paraplegia (%)  1  (6%)  6  (7%)  0.701
Hemiplegia  (%)  1  (6%)  5  (5%)  0.648
Physical ﬁndings
Shock  status  (%)  1  (6%)  9  (10%)  0.516
Hypertensive  (systolic  BP  >  140  mm  Hg)  (%)  12  (71%)  69  (75%)  0.454
Aortic regurgitant  murmur  (%)  2  (12%)  9  (10%)  0.540
Differential  BP  or  pulse  deﬁcit  (%)  1  (6%)  19  (21%)  0.131
 BP, b
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lContinuous variables are expressed as mean ± standard deviation.
nterval  from  admission  to  diagnosis,  their  mortality  rate
as  comparable  to  correctly  diagnosed  patients  (18%  vs.
5%,  p  =  0.520)  (Table  5).  The  percentage  of  patients  who
eceived  urgent  operation  for  AAD  was  also  comparable
etween  misdiagnosed  patients  and  diagnosed  patients  (29%
s.  37%,  p  =  0.349).
Regarding  Stanford  classiﬁcation,  of  42  patients  with  type
 AAD,  34  patients  (81%)  underwent  surgical  treatment,
nd  11  patients  (26%)  died  during  hospitalization.  Of  the  67
atients  with  type  B  AAD,  5  patients  (7%)  underwent  surgical
reatment,  and  7  patients  (9%)  died  during  hospitalization.
p
A
i
alood pressure; bpm, beats per minute.
iscussion
he  present  study  identiﬁed  three  factors  leading  to  missed
iagnosis  of  AAD,  namely,  mild  clinical  presentation  not  sug-
estive  of  critical  disease,  mimicry  of  another  disease,  and
ack  of  typical  symptoms  and  ﬁndings.
The  foremost  factor  leading  to  failure  to  diagnose  AAD  is
erceived  mildness  of  disease  at  presentation.  In  this  study,
AD  was  undetected  in  36%  (5  of  14)  patients  who  walked
nto  the  ER,  compared  to  13%  of  patients  who  arrived  by
mbulance  (p  =  0.042).  Of  5  patients  who  walked  into  the  ER
Failure  to  diagnose  acute  aortic  dissection  291
Table  2  Findings  of  blood  test,  chest  radiography,  and  electrocardiography.
Misdiagnosis  group  (n  =  17)  Diagnosis  group  (n  =  92)  p-Value
Blood  sample  test  ﬁndings  (n  =  109)  n  =  17  n  =  92
WBC count  on  admission  (l−1)  8700  ±  4600  9100  ±  3000  0.302
CRP (mg/dl)  2.0  ±  3.8  1.2  ±  3.7  0.161
CK (U/l)  165  ±  305  126  ±  121  0.432
CKMB (U/l)  14  ±  17  11  ±  12  0.617
D-dimer performed  (%)  13  (76%)  77  (84%)  0.338
D-dimer >500  ng/ml  (%) 13/13  (100%)  76/77  (99%)  0.856
D-dimer (g/ml)  (n  =  90)  16.9  ±  37.9 17.8  ±  37.6  0.202
Chest radiography  ﬁndings  (n  =  108) n  =  16 n  =  92
Normal (%) 2  (13%) 18  (20%) 0.393
Abnormal aortic  contour  (%) 9  (56%) 58  (63%) 0.400
Widened mediastinum  (%)  4  (25%)  51  (55%)  0.023
Calciﬁcation  of  aorta  (%)  3  (19%)  24  (26%)  0.391
Pleural effusion  (%)  1  (6%)  7  (8%)  0.663
Electrocardiography  ﬁndings  (n  =  105)  n  =  16  n  =  89
Normal (%)  4  (25%)  20  (22%)  0.523
ST elevation  (%)  2  (13%)  3  (3%)  0.166
ST depression  (%)  5  (31%)  27  (30%)  0.577
T wave  abnormality  (%)  5  (31%)  33  (37%)  0.430
Any ST-T  abnormalities  (%)  7  (44%)  44  (49%)  0.788
Left ventricular  hypertrophy  (%)  7  (44%)  28  (31%)  0.247
Abnormal Q  wave  (%)  1  (6%)  7  (8%)  0.649
Continuous variables are expressed as mean ± standard deviation.
CRP, C-reactive protein; WBC, white blood cell; CK, creatine kinase; CKMB, creatine kinase MB subset.
Table  3  Diagnostic  imaging  tests  at  the  initial  assessment.
Misdiagnosis  group  (n  =  17)  Diagnosis  group  (n  =  92)  p-Value
Imaging  studies  performed  at  the  initial  assessment
CT (%)  7  (41%)  92  (100%)  <0.001
CT with  contrast  enhancement  (%)  2  (12%)  92  (100%)  <0.001
Echocardiography  (%)  7  (41%)  48  (52%)  0.405
MRI (%)  0  (0%)  1  (1%)  0.666
Aortography  (%)  0  (0%)  0  (0%)  1.000
Number of  imaging  study  per  patient
(mean  ±  standard  deviation)
0.82  ±  0.81  1.53  ±  0.52  <0.001
CT, computed tomography; MRI, magnetic resonance imaging.
Table  4  Univariate  and  multivariate  logistic  analysis  for  misdiagnosis.
Univariate  analysis  Multivariate  analysisa
Odds  ratio  (95%CI)  p-Value  Odds  ratio  (95%CI)  p-Value
Walk-in  patient  3.843  (1.101—13.407)  0.035  4.777  (1.267—18.007)  0.021
Anterior chest  pain  3.411  (1.110—10.482)  0.032  3.465  (1.061—11.314)  0.040
Severe or  worst  ever  pain  0.409  (0.143—1.168)  0.095
Widened  mediastinum 0.382  (0.123—1.187)  0.096
CI, conﬁdence interval.
a Multivariate analysis of signiﬁcant univariate predictors with a p-value <0.10.
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Table  5  Clinical  course  and  in-hospital  outcome.
Misdiagnosed
patients
N  =  17
Diagnosed
patients
N  =  92
p-Value
Time  from  onset  to  admission  (h)  median  (interquartile  range)  2.0  (4.0)  1.5  (2.0)  0.164
Time from  admission  to  diagnosis  (h)  median  (interquartile  range)  25.0  (59.0)  1.0  (1.0)  <0.001
Urgent operation  for  aortic  dissection  (%)  5  (29%)  35  (38%)  0.349
In-hospital mortality  rate  (%) 3  (18%)  14  (15%)  0.520
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and  were  misdiagnosed,  1  had  severe  or  worst  pain  and  4
id  not,  and  2  had  sudden  onset  pain  and  3  did  not.  They
ay  have  appeared  to  have  mild  clinical  symptoms.  Walk-in
ode  of  admission  was  also  the  strongest  predictor  of  mis-
iagnosis  in  multivariate  logistic  analysis  (odds  ratio  4.777;
5%  conﬁdence  interval  1.267—18.007;  p  =  0.021).  Although
hysicians  tend  to  regard  the  walk-in  patient  as  less  likely
o  be  seriously  ill,  our  results  are  a  call  to  caution.
A  second  factor  leading  to  misdiagnosis  was  when  clinical
ymptom  and  laboratory  ﬁndings  suggested  another  disease.
AD  can  mimic  clinical  symptoms  and  abnormal  laboratory
ndings  of  any  organ,  including  the  heart,  brain,  spinal  cord,
ntestines,  kidney,  and  extremities,  because  AAD  can  result
n  occlusion  of  any  branch  of  the  aorta  and  provoke  systemic
nﬂammation  and  blood  coagulant  abnormality  [1,2,6,12].
s  in  previous  studies,  our  study  found  the  most  frequent
isdiagnosis  to  be  ACS,  which  is  understandable  because
ypical  symptoms  of  both  AAD  and  ACS  are  acute  onset  of
evere  chest  or  back  pain  [8,9]. To  make  matters  worse,  typi-
al  ECG  ﬁndings  of  ACS  including  ST  segment  shift  and  T  wave
hange  are  often  observed  in  patients  with  AAD  [13]. The
ain  hazard  of  misdiagnosing  AAD  as  an  ACS  is  inappropri-
te  administration  of  antithrombotic  agents  [9].  Another  is
erforming  cardiovascular  catheterization  during  the  hemo-
ynamically  unstable  state.  In  this  study,  of  10  patients
isdiagnosed  as  having  ACS,  antithrombotic  agents  were
rescribed  in  7  patients  and  emergent  cardiac  catheteri-
ation  was  performed  in  4  patients,  of  whom  2  patients
ad  coronary  ﬂow  compromise  by  dissection.  Misdiagnosis
eads  to  delay  of  diagnosis  and  treatment,  and  exposure  to
nappropriate  drugs.
A third  feature  of  misdiagnosed  patients  was  absence  of
ypical  symptoms  or  laboratory  ﬁndings  of  AAD.  Widened
ediastinum  and  abnormal  aortic  contour  on  chest  radio-
raphy  are  reported  to  be  useful  in  the  diagnosis  of  AAD
14].  However,  20%  of  patients  with  AAD  do  not  have  these
anifestations  [2].  In  our  study,  widened  mediastinum  was
ess  frequent  in  the  misdiagnosed  patient  group  than  in
he  diagnosed  patient  group  (25%  vs.  55%,  p  =  0.023).  Chest
adiography  is  of  limited  value  for  ruling  out  the  possibility
f  AAD.  Sudden  onset  of  severe  chest  or  back  pain  is  the
ost  common  symptom  of  AAD.  However,  previous  studies
ave  reported  the  frequency  of  painless  AAD  to  be  5—15%
3—5],  and  that  patients  with  painless  AAD  have  higher  mor-
ality  than  those  with  painful  AAD.  Eleven  percent  of  our
tudy  patients  (12/109)  had  painless  AAD,  comparable  to
revious  studies.  Furthermore,  the  classical  and  typical  pre-
entation  of  AAD  such  as  migratory  pain  and  differential
lood  pressure  have  high  speciﬁcity  for  AAD,  but  are  not
b
i
p
urequent  in  patients  with  AAD  [2].  Our  study  results  rein-
orce  the  fact  that  AAD  should  not  be  ruled  out  even  if
atients  present  without  typical  symptoms,  signs,  and  chest
adiographic  ﬁndings  of  AAD.
In  patients  presenting  with  suspicion  of  AAD,  D-dimer
as  been  reported  to  be  a  good  rule-out  marker.  A  recent
tudy  demonstrated  that  D-dimer  using  the  cut-off  value  of
00  ng/ml  showed  a high  sensitivity  of  96.6%  and  a  high  neg-
tive  predictive  value  of  97.6%  [15]. However,  D-dimer  is
lso  elevated  in  many  diseases,  such  as  pulmonary  embolism
16,17],  ACS  [17—19], and  stroke  [20], which  can  and  do
imic  clinical  presentation  of  AAD.  If  patients  present  to  the
R  with  elevated  D-dimer  level  and  without  typical  clinical
resentation  of  AAD,  physicians  may  not  perform  diagnos-
ic  imaging  studies.  In  our  study,  13  of  17  misdiagnosed
atients  (76%)  had  D-dimer  levels  assessed  and  all  of  them
ad  D-dimer  >500  ng/ml,  but  11  patients  still  did  not  receive
ontrast-enhanced  CT  because  AAD  was  not  suspected.  To
educe  the  misdiagnosis  of  AAD,  there  is  a  necessity  of  the
iochemical  markers  with  higher  speciﬁcity  for  AAD  such  as
mooth  muscle  myosin  heavy  chain  [21,22].
The  percentage  of  misdiagnosed  AAD  was  16%  in  our
tudy,  which  is  lower  than  that  of  previous  studies  [3,8,9].
everal  factors  may  be  responsible  for  this.  We  only  included
atients  admitted  to  the  ER,  where  diagnostic  tests  are
eadily  and  immediately  available,  relative  to  an  outpa-
ient  clinic.  We  also  excluded  patients  with  chronic  aortic
issection,  who  frequently  show  an  unusual  and  subtle
resentation  [23], which  sometimes  leads  to  misdiagnosis.
hirdly,  D-dimer  (83%)  and  contrast-enhanced  CT  (86%)  were
erformed  with  high  frequency  on  initial  assessment,  likely
lso  contributing  to  our  low  misdiagnosis  rate.  Of  the  94
atients  who  underwent  contrast-enhanced  CT,  92  patients
98%)  were  diagnosed  as  AAD  in  the  initial  assessment.  Of
he  17  misdiagnosed  patients,  10  patients  did  not  undergo
T,  and  5  patients  underwent  unenhanced  CT  only.  Physi-
ians  should  perform  contrast-enhanced  CT  in  patients  who
re  suspected  of  having  AAD  or  not  ruled  out  AAD,  because
ontrast-enhanced  CT  has  high  sensitivity  and  speciﬁcity  [7].
imitations
irst,  this  study  was  relatively  small-scale  and  retrospective
nalysis  conducted  at  a  single  institution,  leading  to  possible
ias  in  the  patient  population.  Secondly,  our  study  did  not
nclude  patients  who  were  diagnosed  only  at  autopsy.  Many
atients  with  AAD  may  die  prior  to  diagnosis.  For  deaths  of
ncertain  cause  occurring  within  24  h  of  hospital  admission,
[[
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[
[
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[
[
[Failure  to  diagnose  acute  aortic  dissection  
the  autopsy  is  not  done  in  the  hospital  but  in  the  coroner’s
ofﬁce  in  Japan.  Therefore,  we  did  not  include  autopsy  data
in  our  study  by  design.  We  did  not  have  all  data  of  the  autop-
sies.  If  we  had  included  autopsy  data,  the  misdiagnosis  rate
might  have  been  higher.
Conclusions
AAD  may  demonstrate  diverse  symptoms  of  various  types
of  severity,  which  lead  physicians  to  its  misdiagnosis.  We
found  three  factors  were  associated  with  misdiagnosis  of
AAD,  namely  mild  clinical  presentation  not  suggestive  of
critical  disease,  mimicry  of  another  disease,  and  absence  of
typical  symptoms  and  ﬁndings.  These  ﬁndings  emphasize  the
necessity  of  ﬁnding  biochemical  markers  with  higher  speci-
ﬁcity  for  AAD,  or  of  conducting  studies  to  assess  the  cost  vs.
beneﬁt  of  lowering  the  threshold  for  imaging  studies.
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